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EDITORIAL
RESEARCH ON THE EFFECTS OF AIRCRAFT AND
SPACECRAFT UPON THE ATMOSPHERE
U. SCHUMANN
DLR, Institut fu¨r Physik der Atmospha¨re, Oberpfaffenhofen, 82230 Wessling, Germany
The question of how engine exhaust emissions or
shock-wave-induced species from subsonic and
hypersonic aviation and rockets induce chemical or
meteorological changes in the climatic state of the
atmosphere was discussed intensively within studies
performed in the early 1970s when plans to build
a fleet of supersonic transport aircraft (SST) were
under discussion (Johnston, 1971; Crutzen, 1971;
CIAP, 1975). After the decision not to build such
a large fleet of supersonic transport aircraft, the global
impact of emissions from aviation and space transport
systems was conceived to be relatively minor because
of their small share in global emissions of nitrogen
oxides and related pollutants.
At the end of the 1980s, the effects of emissions from
aircraft and spacecraft upon the atmosphere became
again a topic of large interest (Bru¨hl and Crutzen,
1988; Held, 1990; Deutscher Bundestag, 1994). Rea-
sons were the rapid long-term growth of air traffic,
visible impact by means of contrails, various studies
for future high-speed civil transport systems, hyper-
sonic space-transport systems and rockets, and new
proposals for supersonic transport systems.
In 1990, an international Colloquium provided an
overview on the state of knowledge with respect to the
impact of global air traffic on the atmosphere
(Schumann, 1990). It became obvious that the state
of knowledge was by far not enough to assess the
impact of air and space transport to sufficient accu-
racy (WMO, 1992, 1995). Compared to existing
studies on supersonic transport systems, relatively
little was known on the emissions and impact of
present subsonic aviation and planned hypersonic
spacecraft.
Open questions were identified in particular with
respect to the physical and chemical processes in the
tropopause region including the upper troposphere
and lower stratosphere. Of great importance was the
development and application of the three-dimen-
sional dynamical and chemical models of the atmo-
sphere and studies which address chemical or cloud
forming properties of particles. The emissions of
spacecraft were considered to be of potential import-
ance for the state of the mesosphere. Refined know-
ledge was required on the emissions and dispersion
properties behind aircraft which could be obtained
only by interdisciplinary cooperation between engin-
eers and atmospheric scientists. In view of the com-
plexity of the problem, the wide scale range from the
sources of the emissions to the global dimension, and
the requirement for field experiments and extensive
computations, the program could not be successful
without international cooperation and access to
large-scale facilities.
Therefore, in 1991, the German Research As-
sociation (Deutsche Forschungsgemeinschaft, DFG)
initiated a priority programme (Schwerpunktprog-
ramm) to support research on the following topics: (1)
emissions from subsonic aircraft and spacecraft; (2)
turbulent dispersion in the wake of aircraft; (3) con-
trail formation and contrail properties; (4) strato-
sphere—troposphere exchange and global atmospheric
chemistry; (5) homogeneous and heterogeneous phys-
ical and chemical processes at particles; (6) optimized
design of aircraft under environmental constraints.
Initially, 26 research projects were started, later two
more projects got funded.
The programme was set up in coordination with
the German Ministry of Research (BMFT, now
BMBF, Bundesministerium fu¨r Bildung, Wissen-
schaft, Forschung und Technologie) and the DLR
(now Deutsches Zentrum fu¨r Luft- und Raumfahrt)
who performed a national research programme
‘‘Schadstoffe in der Luftfahrt’’ (Pollution from Avi-
ation) to investigate the impact of subsonic aviation.
At European level, the Commission of the European
Communities supported research on the atmospheric
effects of subsonic transport since 1992. This interna-
tional cooperation opened access to aviation traffic
data, engine test facilities, research aircraft, satellite
data and large-scale computing facilities. In the USA,
research on the stratospheric impact of supersonic
aircraft emissions became of renewed interest in 1990
(Stolarski and Wesoky, 1993), and a research
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programme for subsonic aviation assessment similar
to those in Europe was begun in 1993 (Thompson et
al., 1996). Progress was presented and discussed at
several international conferences (e.g., Schumann and
Wurzel, 1994; ONERA, 1997).
This special issue collects 15 papers resulting from
the DFG research programme. Several of the papers
include the results obtained in cooperation with and
support by other European projects. Further results
were published during the last five years in other
journals, see, e.g., the special issues of Annales Geo-
physicae 12 (5), and 12 (10/11), (1994), and Atmospheric
Environment 31 (12), (1997).
The programme’s objective was basic research, not
assessment studies. Nevertheless, the results confirm
that the global climatic impact from space transport
systems presently is small (the nitrogen oxide emis-
sions from all rocket starts are at present about 10,000
times smaller than from subsonic aviation) while the
emissions from present subsonic aviation and poten-
tial future supersonic aviation are of non-negligible
magnitude. Much progress has been made in quan-
tifying and understanding of ozone changes due to
nitrogen oxides emissions. In particular, it became
clear that subsonic aviation emissions cause an in-
crease of ozone concentration in the tropopause re-
gion. Still, large uncertainties exist with respect to
particle emissions and their impact on chemistry,
cloudiness and climate. Sulphur emissions have been
shown to contribute considerably to particle forma-
tion, and the lifetime of contrail particles is affected by
various trace substances resulting from the emissions.
The mixing processes in the vortex system behind
aircraft have been quantified and the dynamical be-
haviour of the tropopause is now far better under-
stood than before.
On behalf of all project participants, it is my pleas-
ure as coordinator of this programme to express our
gratitude to the Deutsche Forschungsgemeinschaft
for the support of this research programme, and
I thank all authors and reviewers of this issue and the
editors of Atmospheric Environment for the excellent
cooperation in the course of preparation of this
special issue.
REFERENCES
Bru¨hl, C. and Crutzen, P. J. (1988) Scenarios of possible
changes in atmospheric temperatures and ozone concen-
trations due to man’s activities, estimated with a one-
dimensional coupled photochemical climate model. Cli-
mate Dynamics 2, 173—203.
CIAP (1975) Climatic Impact Assessment Program, US De-
partment of Transportation Final Report, DOT-TST-75-
51 and ff. (8 Vols.).
Crutzen, P. J. (1971) Ozone production rate in an oxygen-
hydrogen-nitrogen oxide atmosphere. Journal Geophysical
Research 76, 7311—7327.
Deutscher Bundestag (Ed.) (1994) Mobilita( t und Klima. …ege
zu einer klimavertra( glichen »erkehrspolitik. Enquete-Kom-
mission ‘‘Schutz der Erdatmospha¨re’’ des Deutschen
Bundestages. Economia Verlag, Bonn, p. 390.
Held, M. (1990) Ecological impacts of aircraft emissions.
„utzinger Materialie Nr. 66, Ev. Akad. Tutzing, Postfach
227, 82327 Tutzing, ISSN 0930-7850, p. 59.
Johnston, H. S. (1971) Reduction of stratospheric ozone by
nitrogen oxide catalysts from supersonic transport ex-
haust. Science 173, 517—522.
ONERA (1997) Proceedings of the International Colloquium
on Impact of Aircraft Emissions upon the Atmosphere.
Paris, 15—18 October 1996, 2 volumes, ONERA, F-92320
Chatillon, Paris.
Schumann, U. (Ed.) (1990) Air Traffic and the Environment
— Background, Tendencies and Potential Global Atmo-
spheric Effects. Proceedings of a D‚R International Collo-
quium. Bonn, November 15—16, 1990, Lecture Notes in
Engineering, Vol. 60, Springer, Berlin, p. 170.
Schumann, U. and Wurzel, D. (Ed.) (1994) Impact of Emis-
sions from Aircraft and Spacecraft upon the Atmosphere.
Proceedings of an International Science Colloquium, Ko¨ln
(Cologne), Germany, April 18—20, DLR-Mitt. 94-06,
p. 496.
Stolarski, R. S. and Wesoky, H. L. (Ed.) (1993) The Atmo-
spheric Effects of Stratospheric Aircraft: A Third Program
Report. NASA Reference Publication 1313, NASA, Wash-
ington, D.C., p. 413.
Thompson, A. M., Friedl, R. R. and Wesoky, H. L. (Ed.)
(1996) The Atmospheric Effects of Aviation: First Report
of the Subsonic. NASA Reference Publication 1385,
NASA, Washington, D.C., p. 413.
WMO (1992) Scientific Assessment of Ozone Depletion:
1991, …orld Meteorological Organization, Global Ozone
Research and Monitoring Project — Report No. 25, Geneva,
Chap. 9, pp. 9.1—9.17.
WMO (1995) Scientific Assessment of Ozone Depletion:
1994. …orld Meteorological Organization, Global Ozone
Research and Monitoring Project — Report No. 37, Geneva,
Chap. 11, pp. 11.1—11.32.
3066 EDITORIAL
